The experiment aimed to study approach and locomotive behaviour as indicators of fear 11 in a novel object test carried out in pigs. Thirty post-weaning (30 kg) and 30 finishing 12 (90 kg) pigs were exposed to visual, auditory and olfactory novel stimuli during 2 13 different experiments. The facilities consisted of a test pen in which a trough was 14 located. The trough contained chopped apples. Once the animals were trained to enter 15 the test pen individually they were subjected to 3 different fear stimuli. These stimuli 16
Introduction 38
Fear and anxiety are 2 emotional states induced by the perception of a danger or a 39 potential danger, respectively, that threaten the integrity of the animal (Boissy, 1995) . 40
Fear and anxiety involve physiological and behavioural changes that prepare the animal 41 to cope with the danger (Forkman et al., 2007) . From an ecological point of view, 42 suddenness, unfamiliarity and unpredictability are the key features of a predatory attack 43 (Forkman et al., 2007) , so these factors should be considered when the responsiveness 44 to a stimulus is studied in pigs. The fear response depends also on the type of the threat 45 and decreases with the age of the animal (Forkman et al., 2007) . The behavioural 46 pattern that can show pigs can be grouped in active defence (attack, threat), active 47 avoidance (flight, hiding, escape) and passive avoidance (immobility; Erhard et al., 48 1999) . However, because of the complexity of the mechanisms underlying fear-related 49 responses, a given behaviour can not be attributed to any single emotion (Boissy, 1998) .6 identified with consecutive numbers. Each experiment lasted 25 days and except during 126 the resting days, pigs were individually and in the same order (from 1 to 10) subjected 127 to 1 session per day (from 12.00 to 15.00h) according to the protocol of Table 1. During  128 the 2 first sessions, pigs were trained to enter the test pen and eat the chopped apples of 129 the trough. After 2.5 min, the pen door was opened and the animals were allowed to 130 return to the housing pen. During the control and treatment sessions, the trough 131 remained closed when the pig entered the test pen, and after 30 seconds the trough was 132 opened. Two minutes later, the door was opened to let the animal return to the housing 133 pen. The trough was closed after the animal left the test pen and before the next one 134 entered. During the treatment sessions, the animals were exposed to a novel stimulus 135 when the trough was open. Three different types of novel stimuli were used. 1) As a 136 visual stimulus, a ball hung inside the trough. When the lid was opened the ball was 137 elevated 15-20 cm above the trough, and maintained in this position until the animal left 138 the test pen. Then, the ball was returned into the trough and closed. 2) As an auditory 139 stimulus, a horn located behind the curtain and next to the trough. It was sounded twice, 140 when the through was opened and 1 minute later. 3) As an olfactory stimulus, the trough 141 filled with 90% CO 2 . The concentration of CO 2 was monitored with a mobile infrared 142 sensor (Checkpoint O 2 /CO 2 , PBI Dansensor A/S, Denmark). Each stimulus was applied 143 to each animal once (Table 1) The other pig (saline pig) received an intramuscular injection with an equivalent volume 148 of saline (Phisiologic Braun, B. Braun Medical, S.A.) . 149
In the test pen, the feeding behaviour, approaching behaviour and locomotive behaviour 152 were scored for 2 minutes, from when the trough was opened until the door of the test 153 pen was opened (Table 2) . 154
155

Statistical analysis 156
As the data obtained were not normally distributed, the statistical analysis was carried 157 out with non-parametric tests using the Statistical Analysis System (SAS; software SAS 158 Institute Inc., Cary, NC; 1999 -2001 . The percentage of time spent for pigs on the 159 trough and distant area or in a head, back and side position, the general activity, and the 160 number of reluctant to move, turning back and retreat attempts were analysed by the 161 Proc GENMOD with Poisson or negative binomial distribution (Cameron and Trivedi, 162 1998) . The residual maximum likelihood was used as a method of estimation. The least 163 square means of fixed effects (LSMEANS) were compared when the analysis of 164 variance indicated significant differences. The presence of feeding behaviour was also 165 analysed using Proc GENMOD with a binomial distribution. The fixed effects included 166 in the models were session (treatment and control), treatment (midazolam and saline), 167 stimulus (visual, auditory and olfactory), age (post-weaning and finishing) and their 168 interactions. The significance level was fixed at P < 0.05. 169
170 Results 171 Table 3 shows the measures of midazolam and saline treated pigs during control and 172 treatment sessions. Both midazolam post-weaning and finishing pigs increased the 173 feeding behaviour, the time on the trough area and the time in a head position. However, 174 they decreased the time on the distant area, time in back position, the general activity Table 4 ). In finishing pigs, the reluctance to move was lower in 186 midazolam than in saline pigs (P < 0.05, Table 4 ). 187
188
In post-weaning pigs, differences were found between stimuli applied on time on the 189 trough area, general activity, incidence of turning back and retreat attempts in saline 190 treated animals and on time on the distant area, time in a back and side position and 191 incidence of turning back and retreat attempts in midazolam pigs (P < 0.05 in all cases; 192 Table 4 ). In finishing pigs, differences were found among stimuli applied on time on the 193 distant area, time in a head and side position and incidence of turning back and retreat 194 attempts in saline treated animals and on the incidence of retreat attempts in midazolam 195 treated pigs (P < 0.05 in all cases, Table 4 
Pharmacological effect 214
The administration of midazolam in both post-weaning and finishing pigs reduced the 215 avoidance distance to the trough, the general activity and the number of reluctant to 216 move, turning back and retreat attempts when a fear stimulus was applied. In addition, 217 midazolam post-weaning pigs increased the feeding behaviour. The acute administration 218 of midazolam could increase pig appetite, as described by Yerbury and Cooper (1987) 219 in rats and De Jong (1987) in ruminants. However, this feeding increase is related to an 220 increase in the meal size rather than an increase in the meal frequency (Cooper and 221 Yerbury, 1986; De Jong, 1987) . In consequence, the administration of midazolam is not 222 likely to increase the number of animals that ate apples. In contrast, the anxyolitic 223 effects of midazolam reduced the fear response of pigs, as it was also described by 224 knowledge, midazolam has not previously been used to assess fear in pigs, we carried 226 out preliminary studies to determine the dosage of midazolam that induces anxiolytic 227 effect without impairing locomotion (Andersen et al., 2000) . In this previous study, it 228 was found that animals which were administered with 0.15-0.20 mg/kg i.m midazolam 229
showed less avoidance behaviour (measured as distance to a novel stimulus) than 230 animals with lower dosages or control animals (saline treated, pers. obs.). In addition, it 231 was also observed that those animals did not show the locomotive discoordination 232 Any behaviour measured to assess general fear in pigs needs to be consistent among 285 ages and types of fear stimuli. Although in this study feeding behaviour, distances and 286 position relative to the trough and general activity were considered, these parameters are 287 not valid during loading and unloading at the slaughterhouse, because in most cases, the 288 assessment is carried out with the animals in movement and no evidence of the novel 289 "fear" stimuli exists. In contrast, types of behaviour such as reluctant to move, turning 290 back and retreat attempts could be appropriate parameters to measure fear in such 291 conditions. In this context, reluctant to move, defined by Erhard et al. (1999) as a 292 passive avoidance behaviour, could be the most valid measure, because no differences 293 were found between ages or fear stimuli applied, but a clear treatment effect 294 (midazolam vs saline). Furthermore, it was the most frequent response in pigs exposed 295 to any of the stimuli. On the other hand, turning back behaviour is associated with 296 active avoidance (Erhard et al., 1999) and in the present study, in finishing pigs, 297 increased at the same time increased the general activity, a common indicator of fear in 298 a novel object test (Von Borell and Ladewig, 1992; Beattie et al., 1995) . However, 299 stimulus is applied. 301
On the other hand, due to the complexity of the mechanisms underlying fear-related 302 responses, it is not possible to attribute a single behaviour to an emotion such as fear 303 (Boissy, 1998) . Therefore, although a passive avoidance (reluctant to move) was the 304 most common response shown in pigs to the different fear stimuli applied regardless of 305 the age of animals, the combination of reluctant to move (as passive avoidance 306 indicator) and turning back (as active avoidance behaviour) would be a valid tool to 307 assess fear in domestic pigs after the study of its feasibility and repeatability in practical 308 conditions. 309
310
Conclusion 311
Midazolam has anxiolitic effects in post-weaning and finishing pigs exposed to novel 312 stimuli. Although a study about their reliability is needed, reluctant to move and turning 313 back are valid measures of fear in pigs. However, only reluctant to move showed no 314 differences between ages and stimuli. . Von Borell, E., Ladewig, J., 1992. Relationship between behaviour and adrenocortical-394 response pattern in domestic pigs. Appl. Anim. Behav. Sci. 34, [195] [196] [197] [198] [199] [200] [201] [202] [203] [204] [205] [206] 
